During chemical refining steps (neutralization, bleaching and deodorization) of crude cottonseed oil (CSO), minor and major components, namely, tocopherols, sterols and fatty acids were evaluated by HPLC and GLC. HPLC analysis of total tocopherols (T) revealed that loss in these components were 7.12, 12.28 and 18.47 % in neutralized, bleached and deodorized oil respectively. On the other side, quantitative GLC analysis of sterols (as trimethylsilyl derivative, TMS), showed that the losses were 5.6, 8.7 and 16.4 % at the different refining steps respectively. In case of the fatty acids (as methyl esters, ME), as determined by GLC analysis, it was noticed that essential fatty acids (EFA), namely, linoleic and linolenic were nearly kept constant. The total amounts of sterols and tocopherols lost in the deodorized distillates (D D) as well as their patterns were also determined. It was found that total sterols content was 28500 ppm, whereas tocopherols content was 2640 ppm. Sterenes (reference samples) were also used to follow the formation of sterenes during the chemical refining steps of CSO.
INTRODUCTION
Cottonseed oil was the edible oil of choice in many countries for several years, both as a liquid for salad and cooking and hydrogenated to produce shortenings and margarines. The scientific and technical advances developed to process cottonseed oil became the cornerstones of the edible fats and oils industry as it is known today (O`Brien et. al., 2005) .
Crude cottonseed oil is unsuitable for use in most food applications, without refining, because of its dark color, high free fatty acid content, and objectionable flavor and odor.
Each refining processing step has specific functions for removing certain minor component OrtegaGarc´ıa et al., (2006) . Because the refining requires very active chemicals and some stages are performed at very high temperatures. Refining processes not only removes the unwanted substances, but, also vitamins, antioxidants and antioxidant precursors (e.g. tocopherols, sterols and EFA's) are removed, decreased or partially destroyed at the same time, Silkeberg and Kochhar, 2000; Alpaslan et al., 2001 .
Tocopherol, which is physiologically active as vitamin E, is a major natural antioxidant and is used for protection of fats and oils from oxidation (Ghosh and Bhattacharyya 1996) . Crude cottonseed oil contains about 1000 ppm tocopherols, but up to a third can be lost during processing. The tocopherol content decreases during each stage of processing, with the highest reductions occurring during chemical refining and deodorization, O'Brien 2002. Chemical refining can reduce about 10-20 % of the tocopherols contents of vegetable oils, presumably because of their absorption on soaps formed during alkali treatments (Karabulut, et al., 2005) . While, Tasan and Demirci, 2005 found that the average losses of total tocopherols content in sunflower oil during the chemical and physical refining processes reached up to 30.2 % and 35.5 % respectively. It was also found that the high loss of tocopherols results in a serious decrease in their protective power against future oxidation (Hoffmann, 1989) .
Sterols are known to have a wide range of biological activities and physical properties. They are useful emulsifiers for cosmetic manufacturers and supply the majority of steroidal intermediates and precursors for the production of hormone pharmaceuticals. A number of plant sterols with specific structures are known to inhibit oxidative deterioration of oils serving as potential antipolymerization agents for frying oils (Abidi 2001) . Phytosterols are partly removed during refining, and the magnitude of phytosterols loss largely depends on the refining conditions applied. Accordingly, several factors might contribute to phytosterols loss, including adsorption, partitioning and oxidation. Dehydration also occurs which results in the formation of stearadienes (Leone, et al., 1984; Ferraei, et al., 1989; Zunin, et al., 1989; Grob, et al., 1992; Ferraei, et al., 1997) . During neutralization, in chemical refining, large parts of the phytosterols (9-21 %) are transferred by liquid-liquid partitioning to the soapstock (Gutfinger and Letan, 1974; Sciancalepore, 1981; Karaali, 1985) . In addition, bleaching and especially high temperature steam refining or deodorization removes a portion of the sterols (Karabulut, et al., 2005 ; Ubhayaekera and Dutte 2009). Actually, the deodorized distillate is a good source of tocopherols and phytosterols (Gutfinger and Letan, 1974, Homberg and Bielefeld, 1982; Verleyen, et al., 2001 ).
This study aimed to show the influence of the chemical refining steps namely, neutralization, bleaching and deodorization, carried out on an industrial scale, on the changes of the minor components (tocopherols and sterols) retained in the oil after subsequent refining steps and those appeared in D D. Also the influence on triglycerides (TG), partial glycerides (mono and di-,) with their fatty acid profiles was studied. Moreover, tocopherols and sterols removed by distillative removal via stripping steam were also determined by HPLC and GLC.
MATERIALS
Crude cottonseed oil samples were obtained from processing lines of Cairo for Oils and Soaps Company (Egypt) using chemical refining (including neutraliziation, bleaching and deodorization steps). Representative samples were taken at each refining step, collected in dark glass containers, purged with nitrogen gas after filling to prevent them from oxidation and stored at 4˚C until analysis. Authentic samples: standard tocopherols (alpha-, beta-, gamma-and delta-tocopherols), sterols (campe, stigma, beta-sito, isofuco, 7-stigma and avena sterols) and fatty acids methyl esters (C 16 -C 24 , saturated and unsaturated) were purchased from Sigma Company.
METHODS
Tocopherols pattern: HPLC analysis of T in the samples as well as the standard T mixture (containing known percentages) was carried out using Toyo-Soda-CCPM HPLC instrument. An oil sample (10 g) was dissolved in n-hexane to make 10 % solution and 10µl of this solution was injected into silica column (YMC-A-012, 6.0 x150 mm). Isocratic elution was conducted using n-hexane: isopropyl alcohol (100:0.5, by volume) as mobile phase, at a flow rate of 1 -2 ml / min. Hitachi-650-10S fluorescence detector was used. Spectral absorption was set at excitation and emission wave lengths of 295 and 325 nm respectively. The conditions were optimized to elute delta-T after 10 min; the results were automatically recorded as peak area percentages by electronic integrator. From the peak area and the corresponding weight of each individual standard T, the weight of each individual T in the oil (ppm) can be calculated ELShami, et al., 1994) Whole sterols pattern: Whole sterols were isolated from the prepared unsaponifiable fraction (Official and Tentative methods AOCS,1980) by preparative TLC on silica gel G plates (0.5 mm thickness) using chloroform / diethyl ether / acetic acid mixture (95 / 4/ 1 by volume) as developing solvent. The sterol zone was located with the help of standard betasitosterol (R f =0.16) applied alongside the sample prior to development. The sterol zone was scraped off the plate and thoroughly extracted with moistened diethyl ether and the solvent was distilled off. The sterol mixtures of the sample as well as the standard were converted into trimethylsilyl derivatives (TMS) (Christie, 1973 , Udo, 1991 .
Hewlett Packard-HP 5890-A gas chromatograph, was employed for analysis of the TMS derivatives using the following operating conditions: column, DB-17 (0.32 mm x 15 m, 0.25 µm coating) at 250 ºC; detector, FID at 260 ºC; carrier gas, helium (8.6 ml / min) and split ratio, 35:1. An automatic integrator was coupled directly to the detector. TMS sterols mixture of the standard (containing known percentages of sterols) was used for identification and quantification of the sterols in each oil sample. The area under each peak was measured by the automatic integrator .
Detection of the sterenes by TLC:
Preparation of sterenes reference: Owing to the loss of sterols during the different processing steps of the oil, it appears that this loss is due to the dehydration of sterols. For this reason it was planned to prepare the sterenes reference samples by heating β-sitosterol with bleaching earth. Also, sterols in an oil sample were converted into sterene compounds by heating with bleaching earth (simulating the bleaching process) and use these products as reference samples for following the formation of sterenes in CSO during chemical refining processing:
a-A sample of pure β-sitosterol (20 mg) was dissolved in benzene and added to 100 mg activated bleaching earth (Tonsil F) and the mixture was refluxed for 7 hours at 110 ºC under N 2 atmosphere. The solution was filtered through Whatman filter paper No 4 and the filtrate was concentrated under vacuum and stored at 4 ºC to be used as sterenes reference (R1) (Grob, et al., 1992; Grob and Bronz, 1994) .
b-A sample of crude CSO was mixed with 3 % activated bleaching earth (Tonsil F). The mixture was heated under N 2 atmosphere for one hour at 120ºC on a heater with magnetic stirrer (Grob and Bronz, 1994) . After that n-hexane was added to the cold mixture and the solution was filtered through Whatman filter paper No 4 .The solvent was evaporated under vacuum. The product was saponified by mixing with 1 M alcoholic KOH, and refluxed for 1 hour under N 2 . The unsaponifiable matter was extracted with diethyl ether (2 x 40 ml) and washed with distilled water until alkali free. The solution was dried over anhydrous sodium sulphate, concentrated under vacuum and stored at 4º C to be used as sterenes reference (R2).
TLC analysis:
The formation of sterenes in crude CSO during the different steps of refining was followed by TLC on Silica gel G plates using hexane / diethyl ether / acetic acid mixture (80 / 20 / 1, by volume) as a developing solvent. Standard β-sitosterol and sterenes references (R1 and R2) were applied alongside the oil samples (crude CSO, neutralized, bleached and deodorized samples) prior to development. After development the plate was exposed to iodine vapor to mark the spots.
Deodorization distillate (By-products):
Pre-treatment of deodorization distillate: Prior to the analysis of T and sterols in the deodorization distillate (DD), it was necessary to carry out certain treatment for removing free fatty acids to avoid any interference. Sample of DD was extracted twice with n-hexane and the hexane layer was titrated while stirring with dilute KOH to remove the free fatty acids using an external indicator. The organic phase, separated by centrifugation, was thoroughly washed with distilled water until neutral and then dried over anhydrous sodium sulphate.The solvent was distilled off under vacuum and the residue was kept at 4 ºC until analysis.
Tocopherols pattern: Analysis of T in the DD was carried out by HPLC. Thus a sample of the residue resulting from pretreatment of the DD was dissolved in n-hexane to make 10 % solution. A sample of 10 µl of this solution was injected into the silica column (YMC-A-012, 6.0 x 150 mm). The same procedure and conditions mentioned before in the analysis of T in the oil was followed to determine the pattern and the content.
Sterols pattern:
Whole sterols mixture was isolated from the pretreated DD by preparative TLC. Thus a sample of the residue resulting from pretreated DD dissolved in chloroform was applied on silica gel G TLC plates (0.5 mm thickness) and a mixture of chloroform / diethyl ether / acetic acid (95 /4 / 1 by volume) as a developing solvent was used. The sterol zone was located with the help of standard beta-sitosterol (R f = 0.16) applied alongside the sample prior to development. The sterol zone was scraped off the plate and thoroughly extracted with moistened diethyl ether and the solvent was distilled off under vacuum. The sterols mixture of the sample was converted into TMS derivatives (Christie, 1973 , Udo, 1991 .The TMS derivatives were analyzed by GLC under the same conditions mentioned before in the analysis of the sterols in the oil to determine the pattern and the content.
Fatty acid pattern:
Before the determination of the fatty acid composition, the oil was fractionated into triglycerides (TG's) as major fraction, and the minor partial glycerides, namely, diglycerides (DG) and monoglycerides (MG) as well as free fatty acids (FFA). Fractionation was conducted with the help of TLC using hexane / diethyl ether / formic acid mixture (70 / 30 / 1 v / v / v) as a developing solvent. The located zones of TG (R f = 0.76), DG (R f = 0.15), MG (R f = 0.01), and FFA (R f = 0.4) were scraped off the plate and extracted with n-hexane. The hexane solution was dried over anhydrous sodium sulphate and the solvent was distilled off under N 2 . Each fraction was converted into ME using 5 % HCL in methanol (Chrestie, 1973) and the mixture was refluxed at 70 -80 ºC for one to two hours till complete transesterfication. The reaction was monitored with the help of TLC to ensure the conversion of all glyceride fractions and FFA into ME. Silica gel G plates and n-hexane: diethyl ether: acetic acid (80: 20: 1, v / v / v), as a developing solvent, were used. The ME solution was washed with distilled water until acid free, dried over anhydrous sodium sulphate and the solvent was distilled off under N2. The ME was kept in 5 ml dark vials and stored until use at 4 ºC.
Hewlett Packard-HP 5980-A gas chromatograph was employed for the analysis of the ME under the following operating conditions: column, DB-23 (0.32 mm x30 m); temperature programming, 150 -230 ºC, 3 ºC / min; injector temperature, 230 ºC; detector, FID at 240 ºC; carrier gas, Helium at flow rate of 1.3 ml / min and split ratio, 100: 1. Peak areas were determined by an electronic integrator and percentages compositions of fatty acids were automatically calculated. Calibration was made using the standard fatty acid methyl esters.
Statistical analysis:
All experimental data are expressed as mean ± S.D. Significant differences among the groups were determined by one-way analysis of variance (ANOVA) using the SPSS statistical analysis programme. Statistical significance was considered at p< 0.05. Statistical analysis of data was carried out according to Baily (1994) .
RESULTS AND DISCUSSION
Tocopherols: Various tocopherol isomers that act as naturally occurring antioxidants are found in cottonseed oil. Natural fat soluble tocopherol (antioxidants) can exist in at least seven forms with alpha-, beta-, delta-, and gamma-tocopherol predominating in vegetable oils. Alpha-tocopherol contributes Vitamin E activity and some oxidation resistance, but the gamma and delta forms are the most effective antioxidants, O'Brien 2005. Oxidative stability of oil is related to the presence of tocopherols.
Total and individual T contents and losses % in CSO as a result of the chemical refining process is shown in (Table 1) . It was noticed that the neutralization and deodorization steps are responsible for decreasing the total T content. Alpha and gamma T were the major components which constituted more than 98 % of the total tocopherol in CSO. There was considerable decrease in α-, β-, γ-and δ-T levels. The amount of α-tocopherol was significantly decreased (p <0.05) during the stages of chemical refining. β-T, was observed in very small amounts in neutralized and bleached steps but it was not detected after deodorization. Gamma-and delta-T ,generally, decreased during the three chemical refining steps. Whereas, neutralization, bleaching and deodoriztion stages showed significant effect (p <0.05) on the δ-T. These losses of T after neutralization and deodorization steps could be resulted from applying the condensed base in alkaline refination. Also the high temperature of nearly 250 ºC with pressure and sparge steam are factors that affect the reduction (by distillation) of total tocopherols content of the oil. Meanwhile, the loss in the bleaching step was attributed to adsorption and oxidation by bleaching earth. These results are in accordance with Ferraei et al. (1996) .
It is noteworthy to mention that DD is a rich source for T, El-Mallah et. al., 2006 reported that T present in concentration ranging from 960 to 7360 ppm in the DD. DD are some times sold as a by product (O'Brien et al., 2005) . In order to show the extent quantity of the important minor components (T) lost during the chemical refining steps, the total amount of T as well as its profile in the DD was determined. The total concentration and composition of T in the DD are recorded in Table 1 . The results showed that total T amounted to 2640.0 ppm. Concerning the T composition, it was found that α-T, β-T, γ-T and δ-T were identified at different levels of 842.16, 10.56 and 1532.52 ppm respectively. It is worthy to mention that the total content of T, practically expresses the value of the DD to be utilized in the preparation of T concentrates. The same letters at the same column are not significant (P < 0.05).
Whole Sterols: Table 2 shows the phytosterols content and the ratios of the individual sterols of the CSO during the different steps of chemical refining.
Meanwhile the percentage loss with reference to the CSO was calculated for each step. From the results shown in Table 2 , neutralization and deodorization were significantly reduced the total sterols (p <0.05) from 9556.5 ppm to 9019.9 and from 8725.5 to 7986.0 ppm respectively. They correspond to loss percentage of 5.6 and 16.4 % respectively. On the other side, the bleaching step showed lower impact than neutralization and deodorization steps on decreasing the total sterol content. Meanwhile the bleaching step affects to large a extent (than any other processing step) the conversion of sterols into sterenes components, namely, steradiene and steratriene (Grob et al., 1992) . Concerning the individual sterols they decreased from one step to the other. Campe-and 5-stigma-sterols were highly affected by bleaching step. This was proved by the TLC analysis of the prepared sterene compounds (R1 and R2) which is formed as a result of bleaching pure β-sitosterol and a sample of CSO. The TLC analysis revealed that the standard β-sitosterol showed one spot with R f value of 0.13 whereas R1 and R2 showed two spots with R f values of 0.17 and 0.24 (belonging to two sterene isomers) in addition to the sterol spot (R f = 0.13).The last two spots (R f values of 0.17 and 0.24) appeared in bleached and deodorized samples. This could be explained that during industrial processing of oils and fats, phytosterols undergo dehydration, resulting in the formation of sterenes. Sterenes are formed during bleaching due to acid catalyzed, dehydration on the surface of the acid-activated bleaching earth or due to dehydration promoted by heat during the deodorization process (Grob et al., 1992; Ferraei et al., 1996) .During neutralization, the phytosterols are transferred by liquid-liquid partitioning to soapstock (Gutfinger and Letan, 1974; Serani and Piacenti, 1992; Sciancalepore, 1981; Karaali, 1985; Karabulut et al., 2005) , however bleaching affects phytosterols through the nonpolar dehydration i.e. sterenes were formed due to acid-catalyzed dehydration on the surface of the acid -activated bleaching earth as well as dehydration promoted by heat during deodorization step (Ferraei et al., 1989; Grob et al., 1992; EL-Shami et al., 1994 , Ferraei et al., 1996 . It was found that sterol loss amounted to 16.4% as sterene component (dehydrated sterol components) as determined by GLC analysis.
It is noteworthy to mention that, deodorization distillates are important source of sterols as reported by EL-Mallah, et al., 2006 present in concentration ranging from 1120 to 6375 ppm. During deodorization, a significant reduction (p<0.05) in the total sterols content was recorded, mainly due to distillation and the effect of steam, during this step. These results are in agreement with the findings of Gutfinger and Letan, 1974; Serani and Piacenti, 1992; Jawad et al., 1984 . Concerning the DD, it was found that the total contentof sterols was 28500.0 ppm whereas 5-stigma, beta-, isofuco-, campe-and avena-sterols were found at concentrations of 712.5, 18012, 1168.5, 7752 and 855 ppm respectively. Regardless of the detection of sterenes in the processed oil, the remaining sterols in the deodorization distillate can be utilized as a source of natural sterols. Recovered sterols from oil-processing by-products are the starting materials for the synthesis of certain hormones and the preparation of synthetic vitamin D.
It is important to mention that optimal processing conditions should be applied in order to keep both the nutritive value and the oxidative stability of the oil. Table 3 , it can be seen that the predominating TG molecular species were somewhat constant; it was ranged from 96.0 in CSO to 96.4, 96.7 and 99 .36 % in neutralized, bleached and deodorized oil respectively. Concerning the minor partial glycerides, namely, DG and MG they varied from 2.9 to 0.5 % and from 0.1 to 0.08 % at the subsequent steps of refining. On the other side, FFA content in crude, neutralized, bleached and deodorized oil amounted to 1.0, 0.3, 0.1 and 0.06 respectively. Concerning FA composition of these components (TG, DG, MG and FFA) in the three chemical refining steps, it showed marked variation. Although, the quantities of the four components were varied, the FA composition was proportional to the quantity of the FA. In general the last step of chemical refining process showed lower FFA and partial glycerides which were in agreement with the specification of finished oils (Codex Standard). 
CONCLUSION
This study showed that the neutralization and deodorization steps are responsible for decreasing the total T content. Whereas, bleaching step has the strongest affect on sterols than the other steps. The bleaching earth also converts sterols into other chemical structure, namely, sterene components (steradien and steratriene) as proved by TLC. It can be concluded that it is very important in all steps of refining to adjust the conditions for producing high quality oil and retaining the important minor constituents such as the natural antioxidants (e.g. tocopherols). In general, the minor components retained in the oil after refining gain the refined oil high nutritional value and oxidative stability.
Finally the main points can be summarized up as follows:
1-Chemical refining of CSO does not bring about any significant change of TG but some changes in FA composition.
2-Tocopherol losses amounting to 7.12, 12.28 and 18.47 % as caused by thermal degradation during heat treatment in refining steps and tocopherols also are affected by alkali in neutralization step.
3-Bleaching has a drastic influence on sterols content by converting them partially into minor amounts of dehydration products, namely, sterenes.
4-The remaining sterols and tocopherols in the deodorization distillate can be utilized as value added components for nutritional and pharmaceutical purpose.
5-In the light of the resulting, it is important that industrial oil processing should be optimized in order to keep quality parameters of the oil.
